Background. During January-February 2015, Cook County Department of Public Health led an investigation of a measles outbreak predominantly affecting infants at a child care center who were too young for routine immunization with measles-mumps-rubella (MMR) vaccine.
Measles is a highly infectious vaccine-preventable disease that typically presents with fever and a characteristic rash. Secondary attack rates of more than 90% have been reported among exposed, susceptible individuals [1] . Approximately 30% of persons with measles experience complications; groups at highest risk for complications include infants, children aged <5 years, adults aged >20 years, pregnant women, and individuals who are immunocompromised [2] [3] [4] .
Before the licensure of measles vaccine in 1963, an estimated 4 million measles cases occurred annually in the United States [5, 6] . Postlicensure of the vaccine, the incidence of measles declined by more than 95% [7, 8] . In 1989, the Advisory Committee on Immunization Practices (ACIP) recommended 2 doses of combined measles-mumps-rubella (MMR) vaccine [8] . Due to a successful vaccination program, the United States has documented sustained interruption of endemic measles since 2000 [9] [10] [11] . Although incidence remains low, the United States has recently experienced an increase in the number of reported measles cases. In 2014, 668 measles cases in 27 states were reported to the Centers for Disease Control and Prevention (CDC), the largest number since measles was eliminated in the United States [12, 13] .
Maintaining high MMR vaccination coverage (>90% 1-dose coverage for preschool-aged children and >95% 2-dose coverage for school-aged children [14, 15] ) is necessary to reach herd immunity [3, 4, 16] . The ACIP currently recommends routine vaccination of children with 2 doses of MMR vaccine: the first dose administered between 12 and 15 months of age and the second dose between 4 and 6 years of age. Adults are recommended to receive at least 1 dose of MMR vaccine [17] . However, healthcare workers should have documentation of receipt of 2 doses of MMR vaccine due to their higher risk of acquiring and transmitting measles than the general adult population [17, 18] . Sustaining high vaccination coverage is the most effective method to protect infants too young to receive MMR vaccine; however, this does not provide 100% protection due to the continued risk of measles importations from endemic countries [13] .
On January 20, 2015, Illinois public health officials were notified of a suburban Cook County resident who tested positive for measles, initiating an outbreak investigation led by the Cook County Department of Public Health (CCDPH). By February 23, 2015, a total of 15 measles cases were identified. A majority of these cases occurred among attendees of a child care center who were too young for routine immunization with MMR vaccine. This report describes the epidemiologic characteristics of the outbreak and the control measures taken to interrupt transmission of measles in the affected community.
METHODS

Outbreak Definitions
Investigators defined a confirmed measles case using the standard surveillance case definition [19] . The exposure period was defined as 7 to 21 days before rash onset, and individuals were considered infectious from 4 days before rash onset to 4 days after. Contacts were presumed to be immune to measles if they were born before 1957, had documentation of the recommended number of MMR vaccine doses for their age, or had laboratory evidence of immunity. Healthcare workers and child care center staff were considered immune if they had documentation of receipt of 2 doses of MMR vaccine or laboratory evidence of immunity, regardless of birth year [17] .
Laboratory Testing
All individuals with suspected measles had confirmatory laboratory testing. Serum specimens were tested for measles-specific immunoglobulin (Ig)M and IgG antibodies by commercial laboratories. Nasopharyngeal swab specimens were sent to the Illinois Department of Public Health (IDPH) state laboratory for confirmatory polymerase chain reaction (PCR) testing. Those with positive PCR tests were also genotyped by the MMR laboratory at the CDC.
Public Health Investigation
Measles cases were investigated by Cook County and Chicago Departments of Public Health staff with assistance from IDPH. Individuals, or the family of individuals, diagnosed with measles were interviewed regarding activities in the 21 days before rash onset to 4 days after rash onset to determine the likely transmission event and to identify contacts. Locations that individuals visited during their infectious period were investigated to facilitate contact tracing and ascertainment of additional cases. Public locations visited by cases were identified in press releases issued to the affected communities. Notifications were sent to statewide public health partners, local healthcare facilities, and physicians to increase awareness of local transmission. Cases were isolated for 4 days after rash onset.
Investigators reviewed immunization records to determine the immune status of all potentially exposed contacts. Individuals not meeting criteria for presumptive immunity were actively monitored for 21 days after their last exposure and instructed to remain at home during this time period. Active monitoring was accomplished through daily phone calls made by local health department staff or electronically through a secure web-based survey application [20] .
Measles-mumps-rubella vaccine or measles immune globulin (IG) were administered as postexposure prophylaxis (PEP) for persons without evidence of immunity according to clinical guidelines. MMR vaccine was administered to contacts as young as 6 months with initial exposure in the preceding 72 hours. Administration of IG within 6 days of initial exposure was considered for anyone meeting ACIP recommended criteria, which includes infants under 12 months, severely immunocompromised persons, and pregnant women without evidence of measles immunity [17] .
RESULTS
Cases
The index case occurred in an adult female resident of suburban Cook County with a rash onset date of January 16, 2015. She initially presented to an emergency department with fever and a maculopapular rash, as well as cough, coryza, and conjunctivitis. She reported an unknown MMR vaccination history and denied international travel, contact with others who recently traveled, or contact with ill individuals during her exposure period. Measles was laboratory confirmed by positive IgM serology on January 20, 2015. No individual exposed to this case required active monitoring.
By February 23, 2015, 14 additional confirmed measles cases had been identified. The second case occurred in a previously healthy 7-month-old male with a rash onset date of January 18, 2015. Measles was not confirmed, however, until February 13 (26 days after rash onset) due to the absence of measles in the initial differential diagnosis.
This infant was hospitalized once and visited multiple outpatient pediatric clinics during his illness. He was initially hospitalized on January 17, 2015 for near-daily fevers and upper respiratory symptoms for the previous 3 to 4 weeks. On the second day of hospitalization, he developed a maculopapular rash on his trunk and chest and pneumonia was confirmed by chest x-ray. Due to a persisting fever, the development of conjunctivitis, diffuse oral mucosal erythema, and fissuring of the lips, Kawasaki disease was considered but subsequently ruled out. After clinical improvement and without a unifying diagnosis to explain the constellation of symptoms, this infant was discharged after 9 days of in-patient stay. It was not until February 9, 2015, after identification of confirmed measles cases at his child care center, that measles was first considered and specimens were collected for confirmatory PCR testing. Likely because of delayed specimen collection after rash onset, his nasopharyngeal swab tested negative by PCR. On February 13, 2015, diagnosis was confirmed through positive measles-specific IgM serology.
Although this infant had the second earliest rash onset, he was the 11th identified case in this outbreak. He was not among the identified contacts of the index case, and family members denied recent travel or exposure to other ill individuals. He attended the child care center once during his infectious period for 9 hours. Although no definitive epidemiologic link between this infant and the index case was identified, the index case resided in the same city as the child care center, and the close proximity of their rash onset dates suggests they could have been exposed to the same unidentified source.
Of the 15 cases identified, 12 (80%) occurred in infants who ranged in age from 3 to 11 months; the median age at onset was 7 months. All 12 infants had attended the same child care center during their exposure or infectious periods. Three adult cases were identified in females who ranged in age from their late twenties to early forties. One adult was the mother of a child care center attendee with confirmed measles. No direct connection could be made between the other 2 adults and the child care center attendees other than geographic proximity. The 3 adults reported unknown vaccination histories and denied personal or religious objections to immunizations; all had children that were up-to-date with their vaccinations. All cases resided in or attended child care in the same city within Cook County.
Among the outbreak cases, 9 (60%) occurred in females, 6 (40%) were hospitalized, and no deaths were reported. The 6 hospitalized cases occurred in previously healthy individuals and included 5 infants and 1 adult. The hospitalized infants ranged in age from 5 to 10 months. The previously discussed infant was the only infant to experience severe measles-related complications (pneumonia). Among the 4 other hospitalized infants, 1 infant was admitted for respiratory distress and 3 were admitted because of concerns for dehydration. Three of these infants were also coinfected with respiratory syncytial virus. The hospitalized adult did not develop severe complications and was admitted primarily for supportive care for a then-unknown febrile rash illness.
All 15 cases were laboratory confirmed. Nine were tested for measles-specific IgM antibodies by commercial laboratories, all of which were positive. Fourteen of the 15 cases were laboratory-confirmed PCR positive by the IDPH laboratory. Of the 14 PCR positive cases, all were measles genotype B3.
Public Health Investigation
The affected child care center reported routine separation of attendees based on age, with infants restricted to a separate room. The infant with the earliest rash onset attended child care once while infectious, exposing 9 infants in this room. Six (67%) of these 9 infants were diagnosed with measles. These 6 infants subsequently attended child care multiple times while infectious allowing for further transmission in the facility (Figure 1) . Measles was first confirmed among these infants on February 3, which was followed by exclusion of exposed attendees and staff from the child care center for 21 days or until evidence of immunity was provided. In total, 14 infants were exposed in this room and 12 were diagnosed with measles, resulting in an attack rate of 86% in the infant room.
Approximately 110 total children attended the child care center daily around the time of the outbreak. Although infants were located in a separate room, all attendees entered and exited the facility through a common lobby area. No other areas in the facility where infants and older children share space were identified. All attendees aged ≥1 year and all adults that visited the facility who may have been exposed were appropriately vaccinated for their age and did not require active monitoring. No child care attendees outside of the affected infant room or facility employees were diagnosed with measles.
Before this outbreak, child care center staff were not required to provide documentation of vaccinations to their employer. Six (50%) of the 12 exposed employees did not have their immunization records readily available and were excluded from work until evidence of immunity was provided. All 6 located immunization records and were not actively monitored.
Social exposures from the affected infants at sites other than the home and the child care center were minimal. However, exposures at outpatient pediatric clinics were numerous. Of the 12 infants with measles, 5 (42%) visited 5 different pediatric clinics on 9 separate occasions while infectious, exposing over 130 children and 20 healthcare workers. Because measles diagnosis had not been made before their visits, no clinics required the infants to use a separate entrance or to be placed in isolation on arrival. Among the exposed contacts at the clinics, 5 were children aged <1 week and 33 were aged <12 months. All 33 infants required active monitoring; however, no healthcare-associated transmission of measles was identified.
Three healthcare workers at the exposed pediatric clinics had unknown vaccination histories and no documentation of immunity on file. These individuals were excluded from work until evidence of immunity was provided. Two of these healthcare workers provided immunization records, and the third was found to be immune by a positive measles-specific IgG titer.
Other exposure sites identified among all cases included an emergency department, a radiology clinic, places of employment, grocery stores, restaurants, home goods stores, and a community college. Two local health departments actively monitored 91 individuals. In total, 20 contacts received PEP; 8 infants received IG, and 9 infants and 3 adults received MMR vaccine. Sixteen (49%) of the 33 exposed infants did not receive PEP. Reasons for not receiving PEP included the inability to reach contacts in the appropriate time frame (13 contacts) and parental refusal of early administration of MMR vaccine or IG (3 contacts).
DISCUSSION
Fifteen confirmed measles cases were identified in this Illinois outbreak. Unlike many previously described measles outbreaks [21] [22] [23] , this outbreak did not involve individuals who had personal objections to immunizations or who were hesitant to vaccinate because of safety concerns. A majority of the cases (80%) occurred in infants who attended a child care center. Measles readily spread among infants at the center due to the presence of a large number of susceptible individuals. High vaccination rates in the community, especially among childcare attendees aged ≥1 year and among staff caring for the infants, likely led to containment of the outbreak primarily among individuals too young to receive their first dose of MMR vaccine.
No cases in this outbreak reported a travel history or contact with ill individuals who recently traveled. A large multistate measles outbreak associated with a Disney theme park in California affecting 136 individuals originated in late December 2014 and continued through April 2015, occurring around the time of the Illinois outbreak [24, 25] . No cases in the Illinois outbreak reported a link to the Disney theme parks or to individuals that traveled to this area of California. Measles genotype B3 was identified in both outbreaks, suggesting a possible association. However, this genotype is relatively common and has recently been identified in multiple states and countries, making this link difficult to confirm [26] .
In previously described outbreaks, measles has been initially misdiagnosed as viral exanthem, Kawasaki disease, scarlet fever, and dengue, among other diseases [27] . In this outbreak, the infant with the earliest illness onset initially received a workup for Kawasaki disease, among other diseases, due to the complicated clinical course. He was not diagnosed with measles until 26 days after rash onset when identification of an epidemiologic link to a confirmed case occurred, despite multiple healthcare visits during this time period. Although this infant attended child care only once during the time he was infectious, the delayed recognition of measles led to continued transmission within the child care center. Earlier diagnosis of measles would have allowed for timely administration of PEP and exclusion of unvaccinated contacts, which could have potentially reduced or eliminated transmission within the facility. Previous outbreaks have also described delayed diagnosis as a key factor in perpetuating the spread of measles [22, 28] . Until global eradication is achieved, it is critical for clinicians to consider measles in patients with a febrile rash illness, particularly in the midst of a local outbreak.
In this outbreak, healthcare exposures at pediatric clinics were common. Although the affected infants exhibited signs and symptoms consistent with measles before arrival, no clinic required these patients to use a separate entrance to avoid exposing others. No healthcare-associated contact was diagnosed with measles; however, all exposed infants required resource-intensive active monitoring by health department staff.
Rapid response by public health officials and pediatric clinic staff allowed for PEP to be provided to 17 (52%) of the infants exposed at the pediatric clinics. This action likely contributed to the lack of healthcare-associated measles transmission in this outbreak. Although providing PEP to exposed infants is an important infection prevention and control measure in outbreak settings, this measure can be costly for ambulatory clinics. In a study in Washington State, a single measles exposure at a pediatric clinic cost the facility over $5,000, with an estimated 40% of that attributable to identifying exposed infants and providing prophylaxis [29] . In this outbreak, 4 of the 5 exposed clinics provided PEP to infants. Screening patients for measles-like symptoms before arrival at a healthcare facility has the potential to reduce exposure to susceptible children and associated costs [30] .
A critical component of the outbreak investigation was identifying exposed individuals who work closely with susceptible children (eg, healthcare workers and child care center staff) and ensuring documentation of measles immunity. Three healthcare workers with no vaccination records available were identified at the exposed pediatric clinics. Obtaining documentation of vaccinations, time taken away from regular clinic activities, and preventable work exclusions during an outbreak can be costly for healthcare facilities [29, 31, 32] . These costs, as well as measles infection and transmission, could be avoided by ensuring all healthcare workers have the necessary documentation readily available at their facility.
In contrast to the clear recommendations for healthcare workers, no guidelines or policies in Illinois or in most states nationwide required individuals who work closely with children outside of healthcare settings to be vaccinated with 2 doses of MMR vaccine at the time of the outbreak. In response to this outbreak, the affected child care center, as well as all centers within the corporate chain, modified their policies to require all staff working in close contact with children to have documentation of receipt of 2 doses of MMR vaccine available at the facility. To avoid unnecessary work exclusions and reduce the potential for transmission of vaccine-preventable diseases, other facilities and individuals that provide care to young children should do the same.
CONCLUSIONS
In summary, this outbreak highlights the vulnerability of infants aged <12 months to measles infection and their ability to readily transmit the virus, as well as the implications and effects of a measles outbreak predominantly affecting the very young. With the continued threat of measles importations from endemic countries and the recent resurgence of cases in the United States, it is critical to institute measures to protect this susceptible population [33] . Although infection among infants cannot be prevented through routine vaccination and herd immunity does not provide 100% protection, other strategies are effective in protecting this population from measles during future outbreaks. These include maintaining a high index of suspicion for measles in unvaccinated individuals presenting with a febrile rash illness and ensuring that those caring for infants have documented evidence of immunity. 
